In this paper, an innovative Genetic Algorithms (GA)-based inexact non-linear programming (GAINLP) problem solving approach has been proposed for solving non-linear programming optimization problems with inexact information (inexact non-linear operation programming). GAINLP was developed based on a GA-based inexact quadratic solving method. The Genetic Algorithm Solver of the Global Optimization Toolbox (GASGOT) developed by MATLAB TM was adopted as the implementation environment of this study.
Introduction
Municipal solid waste management involves activities such as waste collection, transportation, treatment, reutilization, and disposal. Economic optimization in the operation programming of solid waste management was first proposed in the 1960s [1] . Different models of waste planning have been researched and applied in various engineering fields in the following decades. The primary considerations involved are cost control, environmental sustainability and waste reutilization. The techniques employed include linear programming [2] [3] [4] [5] , mixed integer linear programming [6] , multi-objective programming [7] [8] [9] , nonlinear programming [10] [11] , as well as their hybrids, which involve probability, fuzzy set and inexact analysis [12] [13] [14] [15] [16] . Due to complexity of the problem, research reports on nonlinear programming problems for solid waste management are scarce; some exceptions are [17] [18] . In some of the works such as [10] [11] , the nonlinear objective functions are converted into linear functions or simplified into quadratic functions under some adopted conditions and assumptions.
The approach of operational programming with inexact analysis often treats the uncertain parameters as intervals with known lower and upper bounds and unclear distributions. A major advantage of inexact programming is that the variation in system performance and decision variables can be investigated by solving relatively simple sub-models. In real-life problems, while the available information is often inadequate and the distribution functions are often unknown, it is generally possible to represent the obtained data with inexact numbers that can be readily used in the inexact programming models. For decision makers, it is usually more feasible to represent uncertain information as inexact data than to specify distributions of fuzzy sets or probability functions. Hence, various kinds of inexact programmings such as inexact linear programming (ILP), inexact quadratic programming (IQP), inexact integer programming (IIP), inexact dynamic programming (IDP) and inexact multi-objective programming (IMOP) have been developed and are well discussed [10] [11] [19] [20] [21] [22] . It can be observed from these studies that applications of inexact models to practical solid waste planning systems are effective.
In [23] , the approach of GA for ILP and IQP is discussed; the comparisons of traditional binary analysis solving methods [8] [21] [22] [24] with GA-based methods indicate that for ILP and IQP, GA can generate better results with less computational complexity.
In the literature, much work on traditional binary analysis for IQP has been done, for example, see [10] [11] [21] [22] . However, traditional binary analysis methods for ILP and IQP involve unavoidable simplifications and assumptions, which often increased the chance for error in the problem solving process and adversely affected the quality of the results. Moreover, a more complex model often increases error in the solution. However, it has been observed that more complex models often produce less optimal results, and studies that focus on inexact nonlinear programming problems are scarce. For example, in [19] , the methodology is mainly focused on combining endpoint values of the inexact parameters to form a set of deterministic problems, which will only work for particular monotone functions within a small scale model. Therefore, a more flexible problem solving method for the general INLP is desired.
In this paper, we propose to use GA as the optimization technique for solving complex and non-linear problems in operations research, industrial engineering and management science. The GA method is a suitable optimization approach especially for solving problems that involve non-smooth and multi-modal search spaces. The innovative GA-based inexact non-linear programming (GAINLP) solving approach is useful for solving non-linear programming problems with inexact information, or inexact non-linear operation programming problems.
This paper is organized as follows. Section 2 presents the background of the research, which includes an introduction to the problem of Solid Waste Management (SWM), the concept of economies of scale in SWM, and the concept of GA, and the Genetic Algorithm Non-Linear Solver Engine (GANLP) that is used for implementing the proposed method. Section 3 discusses the methodology of the proposed GA-based methods for solving inexact non-liner problems. Section 4 presents a case study in which the solutions for different scenarios of the INLP problem of solid waste disposal planning are generated.
Background

Solid Waste Management and the Concept of Economy of Scale in Solid Waste Management Planning
Solid waste management is the process of removing waste materials from the surrounding environment, which involves the collection, separation, storage, processing, treatment, transport, recovery and disposal of solid waste. Landfill and incineration are two of the most commonly used solid waste disposal methods.
The objective of a solid waste management process is to dispose of discarded materials in a timely manner so as to prevent the spread of disease, minimize the likelihood of contamination, and reduce their effects on human health and the environment.
The economy of scale (ES) is a microeconomics term, and it refers to the advantages that enterprises obtain due to their size or scale of operation, with the cost per unit of output generally decreasing as the scale increases and fixed costs are distributed over more units of output. In a solid waste management system, ES exists within the transportation process [25] and it can be expressed as a sizing model with a power law [11] .
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where ( ) Figure 1 .
By introducing ES into a large-scale solid waste management model, the transportation procedure can be simulated more accurately. At the same time, the incorporation of ES adds a nonlinear factor into the objective function, and hence, more computational effort for problem solving will be required. Within this context, we propose GA as a good problem solving method for this type of problems. In the next section, the concept of GA is introduced. Pop with a size of N . In GA, the term genotype refers to a candidate solution for a problem, which is often encoded as a bit string, while the phenotype is a domain solution itself and is encoded to be a genotype [26] . This process can be carried out randomly or can be guided by domain information. 
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Termination test: This step involves checking whether a satisfactory solution has been found, or the preset termination condition is met; if one of the condition is true, the algorithm is terminated. Otherwise, the procedure loops back to step (2) . This generic procedure of GA is illustrated as a flowchart in Figure 2 .
A variety of implementations of GA have been researched and developed during the past few decades, and many of them are recognized as applicable and University. This implementation provides a flexible platform of genetic operators, selection functions, termination functions, and the evaluation [27] . GASGOT runs in the Matlab TM workspace and can be easily invoked by other programs.
GASGOT supports both binary and floating-point representations, and the corresponding genetic operators have been developed. This study adopts GASGOT as the implementation tool of GA, and the applications and numeric examples were calculated in Matlab TM based on the GA non-linear program (GANLP) solver engine of GASGOT.
GA for Problem Solving of Non-Linear Problems (GANLP)
A general non-linear programming problem (NLP) can be expressed as follows [28] : tion, which in some of the methods can be ill-conditioned and can cause the algorithm to fail [29] . This weakness in the calculus-based method has prompted many researchers to propose GA, which is a random search method, for solving non-linear programming problems [30] [31].
The following example is taken from [28] : A GA program for the above example has been constructed with the parameters specified in Table 1 .
The result given by the GA program is:
The evolution curve is shown as Figure 3 . Compared to the results generated using the calculus-based method of [28] , the GA generated results are closer to the actual optimal solution.
In Figure 3 , it can be seen that at approximately the 15th generation, the optimal solution was generated. Although the fitness of the initial population shown in Figure 4 is not excellent, compared to the separable programming technique described in [28] , the methods implemented in the GA non-linear problem solution engine of GASGOT are demonstrated to be straightforward, universal, efficient, and are feasible approaches for solving non-linear programming problems. 
GA for Problem Solving of Inexact Non-Linear Problems (GAINLP)
Quadratic programming problems are specific cases of non-linear programming problems [23] . Due to the lack of generally applicable algorithms for handling the non-linear structure, and the inexact information embedded in the structure, most non-linear programming problems are difficult to solve. The engine for solving interactive binary analysis based inexact linear problems proposed in [21] [22] is not intended for dealing with generic non-linear problems. By contrast, GA can be used as a general problem solver for this type of problems because there is not much difference for GA between treating the term of [23] has proposed a method for solving the IQP problem, which can be modified to solve generic inexact non-linear programming problems. The GA-based inexact non-linear programming method GAINLP involves three stages of problem solving. In the following, a computation experiment will be conducted to illustrate how the GAINLP method can handle complicated inexact non-linear problems Equation (6).
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GAINLP has been designed to include three stages of problem solving.
In stage one, to obtain the initial suboptimal x . The objective function in Equation (7) was used as the positive term of the fitness function and the constraints of Equation (6) adopted as the negative punishment terms. The result is: for inexact programming problems, the conservative scheme and optimistic scheme [20] . The former assumes less risk than the latter, so that for a maximization objective function, planning for the lower bound of an objective value f − represents the conservative scheme, and planning for the upper bound of an objective value f + represents the optimistic scheme [20] . In terms of constraints, the conservative scheme involves more rigorous or stringent constraints, and the optimistic scheme adopts more tolerant ones. (8)- (11), the values of all the inexact coefficients are obtained, such that, 
In stage three, the objective function presented in Equation (7) is converted into the following two sub-problems: In this stage, the inexact parameters in Equation (7) have been eliminated, and two typical non-linear optimization problems have been generated instead.
Solving the above two objective functions by GANLP, the solution of the example Equation (6) As demonstrated above, it can be seen that the GAINLP method can generate the optimal result without any simplification or assumption, and it can be adapted for applications of optimization problems with uncertainty. In the next section, this method will be applied on a real world regional waste management problem.
Case Study
The study region includes three municipalities, a waste-to-energy (WTE) facility and a landfill, as shown in Figure 5 . Table 2 shows the waste generation rates of the three municipalities and the operating costs of the two facilities in the three periods.
Taking into consideration the effects of the ES, the inexact non-linear (INLP) model can be formulated as follows: 
is the waste flow from city j to facility
In this objective function Equation (12), the first term on the right side reflects the transportation costs in each management period (k = 1 to 3) from each city to each waste treatment unit, and the related operation costs. The second term reflects the cost incurred in transporting the products from the WTE facility to the landfill, and the operation cost at the landfill. The third term is the revenue generated from the WTE facility. (12) can be approximated by grey quadratic functions within a predetermined degree of error. Thus, the non-linear programming ( )
The coefficient representing the economy of scale corresponding to reference waste flow re X . problem is converted into an inexact quadratic programming problem. Table 6 lists the solutions of the objective function Equation (12) Table 7 .
The above scenarios assume that the economy of scale exponent is universal in the whole region during the entire period. However, this is not always necessarily true for practical engineering problems. More common situations may involve different scale exponents for various combinations of municipalities and facilities in different periods. Thus, Table 8 illustrates the solutions for the fourth scenario, which involves different scale exponents.
In the objective function of the inexact non-linear programming model Equation (12) , the weight of the transportation cost in the system operation cost varies according to different t C values. The effect becomes significant when waste 
Conclusion
This paper has proposed an innovative GA-based inexact non-linear program- 
